
DEVELOPMENT OF A NEXT-
GENERATION ENVIRONMENTAL

CHAMBER FACILITY FOR CHEMICAL
MECHANISM AND VOC REACTIVITY

EVALUATION

ResearchProposalto

TheUnited StatesEnvironmentalProtectionAgency

by

William P. L. Carter,PrincipalInvestigator
JohnH. Seinfeld,Collaborator
DennisR. Fitz, Co-Investigator

Gail S. Tonnesen,Co-Investigator

CollegeofEngineering- Centerfor EnvironmentalResearchandTechnology
Universityof California, Riverside,CA 92521

February22, 1999



ABSTRACT

Thehigh costof ozoneandparticulatepollution and theregulationsneededto abatethem
meansthat an ability to reliably predict the effectsof emissionson air quality hassignificant
economic value. Becauseof the complexity of the chemical processesinvolved, data from
environmentalchambersare essentialto assuringthat these models give correctpredictions.
However, current environmentalchambertechnology is more than 20 years old and is not
adequatefor testing modelsunderconditionsrepresentativeof rural atmospheresor the cleaner
urbanatmosphereswe expectto attain as we approachattainmentof air quality standards.This
proposalcallsfor fundingdesign,constructionand operationof a next-generationenvironmental
chamberfacility capableof obtainingthe dataneededfor evaluatingmodels underconditions
relevantto today’scontrolstrategyproblems.The amountrequestedis approximately$3 million,
with approximatelyhalf that being for design,constructionand characterizationof the facility,
andtheremainderto supportits operationsfor four years.This is a relatively low cost relativeto
the economiccostof ineffective controlstrategiesthat might result from use of modelsthat give
incorrectpredictions.
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STATEMENT OF THE PROBLEM

Despiteimprovementsin urbanair quality in recentyears,unacceptablelevelsof ground-
level ozoneandatmosphericparticulatematter(PM) continueto be apersistentproblemin urban
and rural areas (NRC, 1991). To meet National Ambient Air Quality Standards,the U.S.
Environmental Protection Agency (EPA) and state and local agencies must implement
regulationsto controlpollutantemissions.Theseregulationsshouldbe designedto achievethe
greatestpossiblebenefitsat the lowest costsand with the leastdisruption to economicactivity
and lifestyles. Becauseall the “easy” emissions control regulations already have been
implemented,theadditionalregulationsrequiredto meettheair quality goalsnecessarilymustbe
increasinglyburdensome.However, failing to improveair quality may ultimately be evenmore
costly, becauseof adversepublic healtheffects and economicdamageto crops and materials.
Indeed,basedon healthconsiderations,the EPA recentlyannouncedchangesto the ozoneand
particulatestandardsthatmakethemmoredifficult to attain,particularly in non-urbanareas.

In view of the high costof ozoneand PM pollution andthe regulationsneededto abate
them, knowledgeof the most appropriateand effective regulatory approachhas significant
economicvalue. It is thereforenecessaryto understandthephysicalandchemicalprocessesthat
form thesepollutants,both in the presentenvironmentand in the future environmentthat we
hopeto achieve.With this knowledge,plansto attainthe desiredenvironmentat a costthat is
economicallyandpolitically acceptablemaybedeveloped.

FactorsAffecting OzoneFormationandDataBasefor MechanismEvaluation

Ground-levelozone is not emitted directly, but is formed in a complexandincompletely
understoodseries of light-inducedchemical reactionsinvolving oxides of nitrogen (NO~)and
volatile organic compounds(VOCs) which areemitted from a variety of sources(NRC, 1991;
Atkinson, 1990)..Developingappropriatecontrol strategiesfor ozoneis complicatedby the fact
that reducingNO~and VOCs has quite different effects on the amount of ozone produced.
Different types of VOCs also havevery different effectson ozone.For example,reducingNO~
emissionsactuallymay causeozoneconcentrationsto becomehigher in some urbanareas,but
NO~reductions are necessaryto reduce secondary particulate matter. Furthermore,NO~
reductionsareprobablytheonly meansby which significantozoneimprovementcanbeobtained
in rural or downwind areas.VOC controlsoften are most effectivein reducingozonein urban
areas,but VOC controls may have little effect on ozone in downwind areaswhere ozone is
largely NOR-limited. Furthermore,someVOCs havelittle effect on ozoneeven in urbanareas,
while the effectsof others canvary significantly dependingon the environmentwhere they are
emitted. The relative effects of different VOCs on ozone formation also dependon the
environmentwheretheyare reacting,with theNO~levelsbeing an importantfactor,but not the
only one(CarterandAtkinson, 1989; Carter,1994):

Becauseof thesecomplexities,thoseresponsiblefor developingplans andregulationsfor
achievingair quality standardsmustrely on computerairshedmodelsto assessthe effectiveness
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of the strategiesthey areconsidering.A critical componentfor predictionsof ozone and other
secondarypollutant formation is the chemicalmechanism,i.e., theportion of the model usedto
representthe chemicalreactionsinvolved.This is becausethechemistryis thesourceof muchof
the complexity and non-linearity involved. Becausemany of the chemical reactions are
incompletelyunderstood,thesemechanismscannotbe relied uponto give accuratepredictionsof
impacts on emissionson air quality in the atmosphereuntil they have been shown to give
accuratepredictions of pollutant concentrationsunder realistic but controlled conditions. The
most cost-effectiveand reliable way to test the accuracyof the chemical mechanismsis to
comparetheirpredictionsagainstresultsofenvironmentalchamberexperimentsthat simulatethe
rangeof conditions in the atmosphere.These experimentsinvolve adding known amountsof
representative pollutants to large enclosures, and measuring the changes in reactant
concentrationsand secondarypollutants formed when they are irradiatedwith either real or
artificial sunlight undercontrolledconditionsfor periodsof a day or longer. If a thodel cannot
accurately predict observedchangesin pollutant levels in such experiments,it cannot be
expectedto reliably predicteffectsof proposedcontrol strategieson ambientair quality.

The availableenvironmentalchamberdatabasefor evaluatingozone mechanismshas
been reviewedby Dodge (1998) as part of the 1998 NARSTO ozone assessment.A fairly
extensiveset of quality-assureddataexist for experimentscarriedout at our facility (Carteret al,
l995a, 1997, others)andattheUniversityof NorthCarolina(Jeffrieset al, 1982, l985a-c,1990;
Jeffries, private communication,1995). Theseexperimentshaveuseda variety of compounds
andmixtures, and havebeenusedas the basisfor the developmentand evaluationof the three
major oxidant mechanismscurrently used in the United States(Dodge, 1998; Carter and
Lurmann,1990, 1991;Gery et al, 1989;Stockwellet al, 1990). A smallersetof dataareavailable
at otherfacilities, but exceptfor thevery limited numberof experimentsat theTennesseeValley
Authority (TVA) facility (SimonaitisandBailey, 1995; Bailey et al, 1996) the experimentswere
designedmorefor empiricalreactivityassessmentthanfor mechanismevaluation(Dodge,1998).
Severalnewfacilities arebeingdevelopedin Europe(Becker,1996;Mentelet al 1996; Wahner,
1998; Wahneret al, 1998; Dodge, 1998, and referencestherein), though the available data
primarily involve specializedstudiesof specific chemicalsystemsratherthangeneralmechanism
evaluation.

As discussedby Dodge (1998), the currentchamberdatabasehasa numberof serious
limitations and datagapsthat could be limiting the accuracyof the mechanismsusedin the
models to predict control strategies.Uncertaintiesexist concerningcharacterizationof chamber
conditions,particularly how wall artifacts affect the gas-phasereactions(CarterandLurmann,
1990, 1991),andinappropriatetreatmentof theseeffectscouldcausecompensatingerrorsin the
gas-phasemechanism(Jeffrieset al, 1992).Most chamberexperimentslackmeasurementdata
for important intermediateand product species,limiting the level of detail to which the
mechanismscanbe evaluated,and limiting thetypesof air quality impactpredictionswhich can
be assessed.Furthermore,becauseof chamberbackgroundand wall effects,and becauseof
inadequateanalytical equipmentcurrently available at environmentalchamberfacilities, the

Seedownloadabledocumentsat http://cert.ucr.edut-carter/bvcarter.htrn.
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currentenvironmentalchamberdatabase is not suitablefor evaluatingchemicalmechanisms
under the lower NO, conditions found in rural and urban areaswith lower pollutantburdens.
Relatively low NO, conditions are also expectedto becomemore typical in urbanareasas we
approacheventualattainmentof the air quality standards.The natureof the radical and NO,
cycles and the distribution of VOC oxidation products changeas absolutelevels of NO, are
reduced.Becauseof this, one cannotnecessarilybe assuredthat modelsdevelopedto simulate
urban sourceareaswith high NO, conditions will satisfactorily simulatedownwind or cleaner
environmentswhereNO is low.

While thereis a clearneedfor chamberstudiesatlow NO, with low VOC levels,it might
be arguedthat that thereis no needfor studiesof VOCs at low NO, with high VOC because
VOCs tend to havelow impactson ozoneat high VOC/NO,ratios.However,VOCs haveother
effects on the environmentbesidesozone formation, such as promoting secondaryPM or
forming toxic or persistentproducts,asdiscussedbelow. Furthermore,modelspredictthat some
VOCs causedreduced0~underlow NO, conditions, though the amountof reductionis highly
dependenton environmentalconditions (e.g., see Carterand Atkinson, 1989; Carter, 1994).In
view of the fact that some are proposing to de-emphasizeVOC regulationsin low-NO, areas
becausethey are believedto havelow or possible negativeeffectson ozone, it is evenmore
importantthat their otherair quality impactsbe accuratelyassessed.

There has beenwork in the United States to addressthe need for chamberdata for
mechanismevaluation.In ourlaboratoriesthereareongoingstudiesrelevantto evaluatingozone
forming potentialsof specific individual VOCs or mixtures of interest’, and studies of other
systemsarebeingcarriedout at theUniversity of North CarolinaandtheEPA chamber(Dodge,
1998).Although thesedataare reducinguncertaintiesin model predictionsof ozoneimpactsof
individual VOCs and mixtures underhigh-NO, conditions, they are not addressingtheneedfor
data suitable for evaluatingmodelsunder low-NO, conditionsor predictions of impacts other
than on ozone.With regardto obtaining datafor low-NO, conditions, the effort in the United
Stateshasbeenlimited to work with theTVA chamberin 1993-1996,where the chamberwas
continuously flushedwith the lights on betweenexperimentsto minimize chamberbackground
effects (Simonaitisand Bailey, 1995; Bailey et al, 1996).A limited numberof experimentswith
afew singlecompoundsanda few complexmixturesat NO, levelsin the20-200ppb rangewere
carriedout, along with associatedcharacterizationruns, thoughthe datahavenot yet beenfully
utilized for mechanismevaluation.Data for mechanismevaluationat NO, levels lower than 20
ppb havenot beenobtained,and the existing characterizationdatafrom this chamberare not
sufficient for determining the lower NO, limit for which useful data can be obtained.
Unfortunately,it appearsunlikely that additionaldatawill be availablefrom this facility.

Another major deficiency in thecurrentmechanismevaluationdatabase is the lack of
adequateinformation on the effectsof temperatureon VOC reactivity. Outdoorchambersyield
dataat varying temperatures,but becauseof lack of temperaturecontrol it is difficult to study
temperature effects systematically and, probably more importantly, to obtain adequate
characterizationinformation concerninghow temperature-dependentchamber artifacts may
affect the results.The only indoor chamberusedfor mechanismevaluationwhere temperature
canbe varied in a controlledmanneris theSAPRC evacuablechamber(EC) (Pitts et al, 1979;
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Carteret al, l995a), and only a limited numberof variabletemperatureexperimentshavebeen
carriedout (Carteret al, 1979, 1984). That facility is not currently being usedfor mechanism
evaluationexperiments,and becauseof its relatively largewall effects is probably not suitable
for low-NO, experimentsin any case(Carteret al, 1995a).Other than that, thereis currently no
environmentalchamberfacility capableof generatingwell-characterizedmechanismevaluation
dataunder controlled conditions at differing temperatures.Nevertheless,the limited available
dataindicatethat temperatureeffects canbe important(e.g., Carteret al, 1979, 1984, see also
Carteret al, 1993),and thus thereis aneedfor a facility which cangenerateadequatemechanism
evaluationdatain this regard.

EvaluationofPM Impactsand SecondaryOrganicAerosolFormation

Urban fine particulatematteris constitutedof a compkxmixture of both primary and
secondaryorganic and inorganiccompoundsand comesfrom a wide variety of sources.While
contributionsof primary PM can be estimateddirectly from the knowledgeof emissionrates,
contributionsof secondaryPM are more difficult to assessbecausethey are formedby complex
homogenousand heterogeneousprocesses.SecondaryPM consistsprimarily of nitrate, sulfate,
and secondaryorganicaerosol(SOA), andmostof it forms asfine particulatematterof lessthan
one micron aerodynamicdiameter.Sincesmallerdiameterparticleshavebeenshownto be more
irritating to thehumanpulmonarysystem,thesearea particularconcern.The nitrate and sulfate
arederivedlargely from gaseousemissionsof NO, andsulfur dioxide, while secondaryorganic
aerosol are formed from the oxidations of VOCs which form products with sufficiently low
vaporpressuresto partition into the aerosolphase.

Theatmosphericchemicalreactionpathwaysof VOC moleculessufficiently largeto lead
to SOA are complex, and resulting oxidation products are both numerous and difficult to
quantify analytically.As a result, it is currently not possibleto determinethe aerosolformation
potentialof individual VOCs and their contributionto the secondaryorganic urbanparticulate
burdenstrictly on thebasisof atmosphericchemicalreactionmechanisms.However,secondary
organicaerosolyields havebeenmeasuredin environmentalchamberexperimentsover thepast
decadeor so, primarily using the Caltechoutdoor chamber (e.g., see Hoffmann et al., 1997;
Forstneret al., 1997, and referencestherein). Initially it wasbelievedthat eachVOC should
possessa unique valueof its aerosolyield, but Odum et al. (1996) found the chamberdataare
muchbetterdescribedby atwo-parametergas/aerosolabsorptivepartitioningmodel.Within that
framework,semi-volatileproductsfrom the atmosphericoxidationof an ROG canpartition into
an absorbingorganic aerosolphaseat a concentrationbelow their saturationconcentration,
analogousto the partitioningthat occursbetweenthegasandaqueousphasesof a water-soluble
atmosphericconstituent.

Although the outdoorchamberdatabaseprovidesimportantinformation on the effectsof
individual VOCs on SOA formation, theuseof outdoorchambershas a numberof limitations.
Perhapsthe most seriousproblem is the lack of temperaturecontrol and the variability of
temperatureduring the experiment.Inability to control temperaturealso meansthat humidity
cannotbe controlled unlessthe experimentis carried out underdry conditions. Temperatureis
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importantbecauseof its effect on vapor pressure,which affects the tendencyof particles to
partition into the aerosolphase.Humidity is importantbecauseit will affect the natureof the
aerosol material, which in turn will affect the partitioning of the organic productsonto that
material.Becauseof theimportanceof controllinghumidity, mostoutdoorchamberaerosolyield
experimentsare carriedout dry. In addition, the chamberscurrently usedfor suchstudieshavea
non-rigid design, and aerosollifetimes may be reducedby the constantstirring due to winds
causingturbulentdeposition.This makesinterpretationof theaerosoldynamicsmoredifficult. In
addition, variable lighting conditions make the experimentsmore difficult to use for model
evaluation.Finally, the currentoutdoor chambersystemsarenot well suited for carrying out
experimentsusing the low concentrationsof NO, or otherpollutants that are morecharacteristic
of regionalor near-attainmentconditions.

Evaluationof Impactsof VOC OxidationProducts

Emitted organic pollutants may have other adverse impacts on air quality besides
contributingto ozoneand secondaryPM formation. If the emitted VOC itself is toxic or has
otheradversedirect impacts,this canbe assessedgiven a knowledgeof the VOC’s atmospheric
reactionratesand depositionvelocities.A moredifficult problemis assessingthe impactsof the
oxidationproductsof theVOCs. For example,VOCs mayreactto form toxic products,products
that persistin theenvironment,orproducts(suchasPANsor organicnitrates)which canserveas
NO, reservoirs whose subsequentreactions may significantly enhanceozone formation in
downwind, NO,-limited environments.An assessmentof this requires a knowledge of the
identitiesandyields of theVOC’s majorreactionproducts.This is difficult becausetheproducts
are not knownor not quantifiedfor many VOCs. In addition, theproductsformedwhen a VOC
reacts in the atmospherewill changewhen NO, levels becomesufficiently low that radical-
radicalreactionsbeginto dominatein thephotooxidationmechanisms.

Conductinglaboratorystudiesof productsformedfrom thephotooxidationsof VOCs of
interestis one approachfor obtainingthedataneededfor assessingVOC impactsin this regard.
However,conditionsin laboratoryexperimentsdesignedfor productstudiesare usuallynot very
similar to atmosphericconditions, particularly thosewith lower pollution levels. In principle,
identifying and quantifying products in simulatedatmosphericconditions in environmental
chambersshould provide information on the actual products formed under more realistic
conditions, the subsequentlifetimes and fates of these products, and how they vary with
conditions. Furthermore,obtaining product concentration-timeprofiles in conjunction with
chamberexperimentsfor mechanismevaluationpermits a muchmorecomprehensiveevaluation
of the details of the overall mechanismthan otherwisewould be possible.However,with the
possibleexceptionof theEurophorechamberin Europe(Becker,1996),environmentalchamber
facilities currently in use for mechanismevaluation do not have the advancedanalytical
capabilitiesnecessaryfor carryingout comprehensiveproductmeasurementsin conjunctionwith
environmentalchamberexperiments.
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Evaluationof Model Representationsof NO~andRadicalBudgets

It hasbeenrecognizedfor a numberof years that thetroposphericproductionof 0, and
otheroxidation processesare governedby thebudgetsof free radicals and the fateof nitrogen
oxides(NRC, 1991; Seinfeld. 1989; Kleinman et al.. 1997). Thereis a growing awarenessthat
models cannot be adequatelyevaluatedby simply comparing observedversussimulated03
(Tesche et al., 1992; Reynolds et al.. 1994). Furthermore, becausemodels~can have
compensatingerrors in representationsof radical budgetsand NO~removal processes,even
comparingobservedand simulatedyields of oxidation productsmay not necessarilyprovide a
good evaluationof how well themodel representstheseprocesses.For thesereasons,a state-of-
the-sciencemodel evaluationrequiresprocesslevel diagnosticsthat characterizethe budgetsof
HO, and NO, (Arnold et al., 1998). Furthermore,becausethe budgetof HO, also affects the
productionand removal of VOC, hazardousorganicpollutants,andcertain greenhousegasses,
theuseof processdiagnosticsto test theradicalbudgetwill increaseourconfidencein chemical
tracermodelsusedto simulatecertainhazardousair pollutantsandgreenhousegasses.

A numberof process-leveldiagnosticshave beenusedor proposedfor use in model
evaluationsusing ambientdata(Kleinman, 1994; Jeffries and Tonnesen,1994; Milford et al.,
1994; Sillman, 1995, 1998; Arnold et al., 1998; Kleinman et al., 1997; Tonnesenand Dennis,
1998a,b).Processdiagnosticshave also beencomparedwith ambientobservationsto evaluate
grid models (Sillman et al., 1995, 1997; Imre et al., 1997).The ability to confirm the model
representationof chemicalprocessesin those studies is uncertain,however, for the following
reasons:

• The completeset of measurementsnecessaryto characterizeHO, and NO, budgetshas
not beenavailablein field studiesbecausemeasurementsare difficult to collect or are of
unevenquality dueto thedifficulties of operatinginstrumentsin field conditions,

• In ambientconditions, the concentrationsof important speciesare affectedby transport,
dispersion,and deposition, and by variability in temperature,humidity and actinic flux,
therebycomplicatingthe interpretationof thechemicalprocesses.

• There is the possibility that important ambientprocessesmay be unrepresentedin the
model simulations, but that compensatingerrors still enable the model to match
observations.

Chamberexperimentspresentan opportunity to obtain a more completeand rigorous
evaluation of chemical processes.For any given chemical process,two types of process
diagnosticscanbe defined: (1) local measuresof instantaneousproductionandlossrates;and(2)
air-parceldiagnosticsthat representthe cumulativeproductionand loss in an air parcelover a
period of time. Table 1 lists examplesof processdiagnosticsthat can be usedto characterize
elementsof the radical cycle for eachof thesetypes. In principle, we canobtain a morerigorous
testof certainportionsof the radicalcycle because,for example,local radical initiation mustbe
balancedby local radical termination, and the integral of both the local initiation and local
terminationratesshouldbeapproximatelybalancedby the cumulativeproductionof termination
products.For ambientconditions,however, transportand dilution preventa direct comparisonof
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Table 1. Processdiagnosticsandspeciesratiosuseful for characterizingradicalbudgets.

LocalDiagnostics Air-parcel Diagnostics

I(NO,RO,).I(HC.NO,) — characterizelocal
radicalpropagationefficiencyandchainlength.

O,/(2tR0OH+2’~H,O,÷NO,)— approximation
oftheOH chainlengthin an air parcel

(k*HO,2 + k*HO,2 H,O)/(k*0H~NO2)—
characterizelocal terminationratio.

2~’R0OH+ 2*H,O2 versusNO, —competing
radicalterminationpathwaysin air parcel

J-valuesandHCHO,H3CHCO, HONO, H,02,
PAN, etc.— local initiation

2*ROOH + 2tH2O,+ NO, — radical
terminationin an air parcel

Rateconstantsandconcentrationsof OH, HO2,
R02, NO2, 03 — local termination,

2*ROOH + 2*H,O, + NO, — radical
terminationin an air parcel.

OtherDiagnostic ratios:

HO,/OH ROJHO2,NO/NO

0,-NO,-NO PhotostationaryState

local and air-parceldiagnostics.Chamberexperimentscouldbe especiallyuseful for evaluating
radical budgetsbecausethe confined volume makesit possibleto balancelocal and air-parcel
diagnostics.

Chamberexperiments do present additional problems due to the wall effects and
depositionto or off-gassingfrom walls. However,asdiscussedbelow, theproposedchamberwill
be designed to minimize these effects. In any case, in an appropriately designed and
characterizedchamber it should be easier to quantify these effects than in the ambient
atmosphere.Thus,characterizationof radicalbudgetsin carefullycontrolledchamberpresentsan
important opportunity to investigatethe adequacyof currentphotochemicalmechanismsfor a
wide rangeof precursorlevelsandenvironmentalconditions.

For thesereasons,it is desirableto investigatetheusefulnessof processdiagnosticsin an
environmentalchamberwhere the system inputs and chamberconditions can be carefully
controlled.The useof a chamberwould alsofacilitate theoperationand calibrationof analytical
instrumentsand could providea completeset of necessarymeasurementstherebyreducingthe
possibility of compensatingerrorsin unmeasuredprocesses.
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Evaluationof Ambient Monitoring Methods

Although environmentalchamberdataareessentialfor evaluatingchemicalmechanisms
usedin airshedmodels, they do not eliminatetheneedfor measurementdataon realbackground
andpollution episodesin theambientatmosphere.Suchdataarerequirednotonly for evaluating
airshed model performanceas a whole, but also to determineair quality trends, evaluate
emissionsinventories,and supportvarious observationalanalysismethodswhich areproving to
be valuablefor assessingcontrol strategiesin situationswheremodeling is too uncertainto be
useful. Such dataare only as good as the measurementmethodsusedto obtain them. While
routine monitoring of speciessuch as ozone,CO, NO, and SO, is relatively straightforward,
measuringmanyothercritical speciesunderfield conditions,suchasNO, speciesotherthanNO,
speciatedorganicprecursorsand products, is extremely difficult and uncertain.Considerable
research is being carried out on developing advancedmethods and instrumentationfor
monitoring speciesin ambient air, which are then usedin major field programssuchas the
SouthernOxidantStudy. An importantcomponentof suchresearchis evaluatingthereliability of
suchmethodsunderreal world conditions,wherethe presenceof complexmixturesmay cause
interferencesorotherwiseaffectmodelperformance.

Oneway to evaluateinstrumentperformanceunderreal world conditions is to carryout
intercomparisonstudies,where the samespeciesaremeasuredusing differing methodsin the
sameair mass.Such studiesareuseful,but havelimitations. Becauseonedoesnot know apriori

what is actually in the air mass, it is necessarythat at least one of the methodsbeing
intercomparedbeconsideredreliable, or it mustbe assumedthat the instrumentsbeing compared
arenot subjectto the sametypesof interferencesor biases.Therefore, agreementof different
methodsonly indicatesthat it is possiblethat they are accurate,but doesnot providedefinitive
evidencethat this is the case.Furthermore,it may not always be obvious which method is
incorrectwhentheydisagree,or it maybe that themore “reliable” methodmay actuallyhavean
unsuspectedproblem.

Useof an environmentalchambersystemprovidesan obviousmethod to getaroundthe
limitations of field intercomparisonstudiesfor evaluatinganalyticalmethods.At a minimumthe
history of the air mass and the initial pollutantsinjectedwill be known, andin many casesthe
correctconcentrationsof the subjectcompoundswill also be known or canbe computed,or at
least varied in a systematicway. However,most existing environmentalchambersystemsalso
havelimitations. Someambientair analysismethodsrequirelong path lengthsor require large
samplevolumes,which requiresuseof very largechambers.Most largeoutdoorchambers,such
as that at UNC, arenot useful for simulating environmentswith the relatively low pollutant
levels characteristicof much of the ambient atmosphere.•No existing large chambersystem
allows for controllingconditionssuchastemperatureand light intensity,which maybe usefulfor
sometypes of instrumentevaluation.The availability of a largechambercapableof simulating
low pollutant conditions under controlled and variable environmentalconditions would be a
valuableassetin this regard.
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EvaluationofIndicatorsof OzoneSensitivityto PrecursorEmissions

One type of ambient monitoring method that requires evaluation under controlled
conditions is the proposeduse of observationalmethodsor indicator speciesto determine
sensitivity of ozoneproductionto precursoremissionsin ambientair parcels.Given the large
uncertaintiesin model inputs of emissions,meteorology,and photochemistry,an air quality
model can be made to reproduce observed 03 concentrations,yet produce a variety of
sensitivitiesof 03 to changesin VOC and NO, emissions(NRC, 1991).This uncertaintyhasled
to a searchfor observationalmethodsto evaluatecontrolstrategyeffectivenessindependentlyof
the model. As noted by Sillman (1995), the goal is to find indicator speciesor speciesratios
“which consistently assumedifferent values under conditions of N0,-sensitiveand VOC-
sensitiveozone.” If such indicatorsare found to be consistentand robust for a wide rangeof
atmosphericconditions, ambient measurementsof the indicators could in theory provide a
means,independentof models,to determine03 sensitivity to small changesin VOC and NO,
emissions (Siliman et al., l997a,b). Use of environmental chambersprovide a means for
evaluatingthepredictivecapabilityof useof suchindicators.

Two typesof indicatorshavebeenproposed:(1) local indicatorsof the instantaneousrate
of odd oxygen production (P(O,fl; and (2) long-lived indicators of 03 concentration([03]).
Because[03] is determinedby thecumulativeproductionand lossesof O~in an air parcelover
time, long-lived indicatorsprovide information about the history of an air parcel, while local
indicatorsprovide information about currentconditionsat a particularsite. The two approaches
arecomplementaryand theircombineduseprovidesa more rigorousform of model evaluation.
Table 2 lists indicators that have beenproposedbased on modeling studies for both P(O,)
sensitivityand [03] sensitivity.

Indicatorshave beenevaluatedfor two types of closelyrelated conditions: conditions
whereP(0,)or [03] areequallysensitiveto VOC andNO,:

&P(O~)— 2P(O~) or a[o3] — 3[Os] (1)
&EN0. — aEvoc aENo. — aEvoc

and for conditionson the ridgelinewhereP(O,) or [03] aremaximizedasa function of NO, at
fixed VOC:

(0,) = o or a[03] = (2)
aENo.

Theconditionsdescribedby (1) and(2) arecloselyrelated,whereequalsensitivity occurs
for N0~emissionsslightly lower thanfor theridgeline.Local sensitivity is evaluatedin termsof
P(0,) rather than P(0,) becauseP(0,) includestotal oxidation of NO to NO,. Thus, P(0,)
providesa more completedescriptionof photochemicalreactivity becauseit includesoxidation
of NO for conditionswith highNO emissionsandlow [03].
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Table2a. Modelingstudiesof indicatorsof [0,] sensitivity.

Reference: Indicator ratios evaluated

Blanchardet al., 1993; C/tanga at, 1997 extentparameter

Milford et at.. 1994 NO,

Sillman, 1995. 1998; Kleinmanet al., 1997 NO,, 0,/NO,,RCHO/N0,,0,/HNO,, H,0,/HNO,

Lu and C/tang, 1998 0,/NO,,HCHO/NOV,H,O,/HNO,

TonnesenandDennis,1998b
.

0,/HNO,,HCHO/NO,,H,0,/(0,+N03,0,/NO,,
H,O,/HNO,

Table2b. Modelingstudiesof indicatorsof P(0,)sensitivity.

Reference: . Indicator ratios evaluated

TonnesenandDennis, 1998a 0(N0

P(H,0,~P(HNO,)

HO,

Zk0~,VOC/(k0~NO,+ik0~,V0C)

k~02NO/(kHo,(H0,+R0,)+k~020,+k~02N0)

To date, the usefulness of indicators has been asserted based on theoretical
considerations.Their usefulnesshasnot beenexperimentallyconfirmedin controlledconditions.
Indicatorscannotbe confirmedin ambientexperimentsbecauseit is not possibleto control the
transport and dilution of emitted species.Instead, indicators must be evaluatedin chamber
experimentswhereprecursoremissionsand concentrationscanbecarefullycontrolled.
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OBJECTIVES

The objectivesof this project are to developthe next-generationenvironmentalchamber
facility neededfor evaluatinggas-phaseand gas-to-particleatmosphericreactionmechanisms,
for determiningsecondaryaerosolyields, andfor measuringVOC reactionproductsand radical
and NO, indicator species under more realistic and varied environmentalconditions than
previouslyhasbeenpossible.The facility will then be employedto provide datathat are most
relevant to today’s pollution problemsand control strategy issues.We proposea four-year
program, with the first one to two years being for researchon chamber design, facility
development,and chambercharacterizationand evaluation.The remainderof the programwill
involve conductingexperimentsneededfor model evaluationandto addressissuesof relevance
to regulatory assessmentand control strategy development.These would include, but not
necessarilybe limited to, thefollowing:

• Determiningwhethercurrentpredictionsof effectsof VOC andNO, changeson ozone
andsecondaryaerosolformationareapplicableto lowerpollutantconcentrations.

• AssessingdifferencesamongVOCs in terms of effects on ozone, secondaryaerosol
formation,andotherpollutantsunderlow-NO, conditions.Currentozonereactivity scales
(e.g., Carter, 1994) for VOCs were developedfor more polluted urbanconditions and
maynotbeappropriatefor lowerNOx environments.

• Providing informationneededto evaluatewhethercontrol strategiesaimed at replacing
reactiveVOCs with less reactivebut morepersistentcompoundsmay adverselyaffect
ozoneor otherpollutantswhentheyaretransporteddownwind.

• Determiningmajor oxidation products formedby organicswhen they react under low-
NO, conditions.This is importantto developingscientifically-basedmodels for low-NO,
reactionsof VOCs, as well as to understandingthe ultimate environmentalfates and
impactsof thesecompounds,which in somecasesmay affect global climatechange.

• Determining the effects of temperatureon secondarypollutant formation and VOC
reactivity. Current environmentalchamberfacilities are not adequateto evaluatethese
effects,but limited studiesof temperatureeffectsindicate that temperatureeffects are
probablysignificant.

• Determining the effects of temperatureand humidity on secondaryorganic aerosol
formation from variousVOCs. The resultswill be comparedwith dataobtainedusing
outdoorchambersystemsto evaluatetherangeof applicability of thosedata.

• Evaluatingthebudgetsof HO, andN0~,andevaluatingtheusefulnessof indicatorsof 0,
and P(O,) sensitivityto precursorsfor conditionstypical of ambientatmospheres.

• Evaluatingimpactsof various types of VOC sources,such as architecturalcoatings,on
formationof ozone,secondaryPM, andotherpollutantsin variousenvironments.
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• Utilizing the facility to test equipmentto be used for monitoring trace pollutants in
ambientair undercontrolledconditionswheretheactualpollutantconcentrations,and the
history andsourceof theair massbeingmonitored,areknown.

BENEFITS

The high cost of regulationsneededto meetcurrentair quality standardsmeansthat an
ability to reliably predict effects of regulationson air quality has significant economicvalue.
This programwill result in an chamberfacility capableof providing dataneededto evaluate
predictionsof effectsofregulationson environmentswheresuchevaluationswerenot previously
possible,but which are most relevantto currentregulatory issues.If the results indicate that
current models developedto representhigher pollutant conditions are giving inappropriate
control strategiesfor approachingattainment,the cost savings resulting from correcting the
strategieswill be many orders of magnitudegreater than the cost of this program. Once the
facility is in place and its utility demonstrated,we anticipate no difficulty for the foreseeable
future in obtaining ongoingfunding. Therefore,the benefitsof developingthis facility should
continuefar afterthe lifetime of this four-yearproject.

APPROACH

LocationandQualificationof theInvestigators

This proposal is to build upon the existing environmental chamber facility at the
Universityof California, Riverside(UCR), which is alreadythe mostactive in theUnitedStates
in this area of research.Researchersat UCR have been active in atmosphericchemistry,
atmospheric chemical mechanism development, and conducting environmental chamber
experiments for chemical mechanismdevelopmentsince the early l970s. Environmental
chamberdatafrom UCR haveplayed a major role in the developmentand evaluationof the
chemicalmechanismscurrently usedin regulatoryand researchmodels in theUnited States,and
theUCR environmentalchamberdatabaseis the largestexisting documenteddatabasecurrently
availablefor this purpose.Furthermore,the chamberfacility at UCR is the only one being used
on an ongoing basisfor generatingdata for developingand evaluatingmechanismsfor VOC
reactivity assessment,under funding from the California Air ResourcesBoard and various
chemicalindustry sources.

ThePrincipalInvestigatorfor this programwill be Dr. William P.L. Carter.Dr Carterhas
been involved in environmental chamber researchsince 1979 and chemical mechanism
developmentresearchsince 1974. More recently, he hasbeen conducting experimentaland
modeling studiesof VOC reactivity. Chemicalmechanismshe developedare widely usedin
researchand regulatory applications,andenvironmentalchamberdatafrom his compilationsor
programshavebeenusedin the evaluationsof theothermechanismsin usein theUnitedStates.
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He is responsiblefor thecompilationof theUCR environmentalchamberdatabase(Carteret al,
l995a) and participatedin developingthe proposedprotocol for evaluatingmechanismsusing
environmentalchamberdata(Jeffrieset ai, 1992).His biographicalsketchis attached.

Dr. Carterhasa joint appointmentwith both the Air Pollution ResearchCenter(APRC)
and the College of Engineering-Centerfor Environmental Researchand Technology (CE-
CERT). APRC is the site of the original UCR environmentalchamberfacility, and remainsa
leading facility for basic kinetic and mechanistic studies. The projects involving use of
environmentalchambersfor atmosphericsimulation and mechanismevaluationwere movedto
CE-CERT in 1992 to takeadvantageof opportunitiesto interfacewith thestate-of-the-artvehicle
and stationary source emissionsprogramsbeing developedthere, though collaboration with
researchersat APRC continueswhenappropriate.Becauseof this, thisproposedchamberfacility
will be locatedatCE-CERT,which is wheretheprojectwill be administered.

Dr. JohnH. SeinfeldandDr. RichardC. Flaganof the California Instituteof Technology
(Caltech)will be collaboratingin this project. Their collaborationis importantbecausealthough
UCR is a leader in useof environmentalchambersfor gas-phasemechanismevaluation,Dr.
Seinfeld’s groupatCaltechis therecognizedleaderin the useof environmentalchamberstudies
for studiesof secondaryaerosolformation. Dr. Seinfeld,who will be a co-investigatorfor this
project, is a world-recognizedauthority in manyareasof air pollution, in particularexperimental
and theoretical studies of aerosolformation. Dr. Flagan’s researchfocuseson studies of the
chemicaland physicalprocessesinvolved in formation andgrowth of atmosphericaerosols,and
he is an expertin the developmentof aerosolmonitoringinstrumentation.As such,he hasbeena
majorcontributor to developingthe capabilitiesof thestate-of-the-artaerosolchamberstudiesat
Caltech.Theseresearcherswill playa majorrole in planningandproviding assistancein carrying
out the PM-relatedportions of this project, and Caltechstudentsunder Dr. Seinfeld andlor
Flagan’sdirection will participate in carrying out the experimentsand analyzing the results.
Participationof Dr. Seinfeldin this project will assurethat this projectbest complementsthe
ongoingor plannedstudiesat Caltech,and participationof Dr. Flaganwill assurethat the most
appropriateand advancedinstrumentationis employed.Their biographicalsketchesareattached.

Additional co-investigatorsof this project will be Mr. Dennis R. Fitz and Dr. Gail S.
Tonnesen.Mr. Fitz was formerly a memberof the APRC researchteam,wherehe managedthe
Outdoor ChamberFacility, and is currently the mangerof the Atmospheric Processesand
StationarySourceEmissionControl Groupat CE-CERT.He specializesin the measurementof
traceatmosphericpollutants,especiallythe minimization of gas-particlesampling artifacts.Dr.
Tonnesendevelopeda processanalysismethodfor analyzingmodel simulationswith Professor
Jeffriesat the University of North Carolina,and shehas continuedto apply this methodto the
evaluation of photochemicalmodels in researchwith Dr. Robin Dennis at the U.S. EPA.
BiographicalsketchesofMr. Fitz andDr. Tonnesenareattached.

UCR in generaland CE-CERT in particularare an ideal venue for developinga next
generationenvironmentalchamberfacility. The campushas a numberof active atmospheric
researchersat APRC, CE-CERT and the Departmentof Chemistry. We are also close to the
researchersat Caltech with whom we are collaboratingand to other researchersin Southern
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California. including thoseat UC hvine andUC Los Angeles.CE-CERT has15,000-square-foot
laboratorywith sufficientspacefor additionalfacilities. This laboratorycontainsbothchassisand
enginedynamometersin additionto stationarysourcetesting equipment,so that we areable to
readily introduceactualemissionsintochambers.Theanalyticallaboratoryis also housedin this
facility, thus simplifying sampletransport.We currently havefive smog chambersand perform
simulationsalmostdaily. More informationaboutthecurrentCE-CERTfacilities areattachedto
this proposal.

Developmentof a ResearchPlan

Properresearchplanningis a critical componentfor aprojectof this scope.This proposal
describesthe researchneeds and gives an outline of a programto addresstheseneeds,but
additional work is neededto develop a full researchplan for a project suchas this. At the
beginning of this project a proposedwork plan will be developedto addressthe design and
researchpriorities for the facility. This will include,but not be limited to, thefollowing:

• Compilation andreview of existing information concerningchambereffects,particularly
those which may affect the reliability and characterizationof data obtained at low
pollutant(especiallyNO,) concentrations.Thecharacterizationdatareportedfor the TVA
chamber(Simonaitisand Bailey, 1995; Bailey et al, 1996) may beparticularly useful in
this regard.The aerosolcharacterizationdata.from the Caltechchamberswill also be
important.

• Specificationof additional experimentswhich can be carried out in the near term to
obtain information relevantto determininghow best to design a chamberto minimize
chambereffectsand/ormalcethemreproducibleandpredictable.

• Developingthe specificationsand plans for constructingthe major componentsof the
facility, including theair purificationsystem,andtemperaturecontroland lighting system
for the chamberhousing.The experiencewith the Caltech chamberwill be useful in
developingan appropriatedesignfor PM experiments.

• Developinga protocolfor chambercharacterizationand control experimentsthat will be
utilized oncethe chamberis constructed.Thesewould include, but not necessarilybe
limited to, characterizationrunsalreadybeingcarriedout at the CE-CERT,Caltech,and
other chamberfacilities, and experimentswith well characterizedchemicalsystemssuch
aspropene- NO,, etc.

• Developing a proposedpriority of experimentsto be carried out once the chamberis
constructedand adequaielycharacterized.Specific typesof researchbeingproposedare
summarizedin the following sections.Input will be obtainedfrom the otheratmospheric
scientists, the EPA and other regulatory agencies, and interestedmembersof the
regulatedcommunity,asdiscussedin thefollowing section.

• Setting priorities for the list of analyticalequipmentto be obtainedfor this project. The
first priority will be equipmentuseful for characterizationof chambereffects,suchas
those for. monitoring backgroundspeciesat low concentrations.The ranlcing for the
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additional equipmentwill dependon the researchplan that is established.In somecases,
it may be advantageousto defer acquisitionof equipmentuntil later in the program, to
takeadvantageof resultsof ongoingdevelopments.

Theinitial researchplan will be developedin consultationwith theCaltechcollaborators
and the EPA project officer whereappropriate.A preliminary version will be presentedat the
researchworkshop,discussedin thefollowing section,and modifiedasappropriatebasedon the
input received.The work plan will be fmalized in consultationwith the ResearchAdvisory
Committee,asalsodiscussedin thefollowing section.

ResearchPlanningandExternalCoordination

An importantcomponentof the planning and executionof this project will be obtaining
appropriateinput from theregulatory and regulatedcommunityconcerningthemost important
policy-relevantresearchneeds,and from the scientific communityconcerninghow this facility
canbest addresstheseneeds.This will be done through the mechanismsof holding periodic
scientific workshops where this and other relevant researchis discussedand presented,
participationin the NARSTO process,and forming a ResearchAdvisory Committeeto oversee
andprovideinput into this projectandrelatedresearchutilizing this facility. Thesearediscussed
furtherbelow.

ResearchWorkshops

At the startof this program,we will hold a workshopconcerningthe stateof the science
relatedto environmentalchamberresearch,and relatedareasin atmosphericchemistry,model
developmentand evaluation,and priorities for model applicationsthat requireresearchin these
areas. The invited participantswill include U.S. and internationalexperts on environmental
chambers,modeling,and other relevantaspectsof air pollution and representativesof the EPA
and otherregulatoryagencies,and private sectoror otherorganizationswho are affectedby or
are interestedin suchresearch.Participationof Europeanresearcherswill be importantto take
advantageof theexperiencegainedfrom theenvironmentalchamberfacilities recentlydeveloped
in both Spain and Germanyand to complementratherthanduplicateresearchbeing carriedout
there.

In view of the importanceof Europeanparticipation,an appropriateforum for the initial
workshop would be to incorporatethis as a part of the next in the series of U.S.fGerman
workshopson thePhotochemicalOzoneProblemandits Control, which hasbeenplannedin the
United Statesat aboutthetime this programis scheduledto begin.BecausetheEPAbudgetmay
riot include funding for U.S. participationin this workshop,we proposethat this workshop be
held in Riverside,with theU.S. participationfundedby this project. This obviously will require
the agreementbetweenthe EPA and the Europeans.An alternativewill be to include sessions
relatedto this projectin an appropriateNARSTO workshop.If necessary,wewill havea separate
workshop,with Europeanparticipationfunded to the extent feasiblegiven the availablebudget
for this purpose.
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This workshopwill includetechnicalpresentationsconcerningavailableinformation and
researchneedsrelatedto this program.Note that the scopeof this workshopwill be expanded
beyondozoneto researchrelatedto PM formation andassessmentofotherVOC impactssuchas
toxic or persistentproductformation. Representativesof otherenvironmentalchamberresearch
groupswill be invited to give presentationson the studiesthey are conducting,problemsthey
have encountered,and anticipatedfuture utilization of their facility. This will include useof
environmentalchambersrelated to PM formation as well for evaluatinggas-phasechemical
mechanismsor ozone reactivity. Chemical mechanismdeveloperswill be invited to give
presentationsconcerningtheir use of environmentalchamberdatafor mechanismdevelopment
andevaluation,andconcerningwhat theyseeas the greatestenvironmentalchamberdataneeds.
Modelersand model developerswill be invited to give presentationson currentand anticipated
model applications which will require improved chemical mechanismsor models for PM
formation, and types of researchneededto improve these model components.Researchers
working in analytical methods developmentand field researcherswill be invited to give
presentationson analytical instrumentationand analysis methods which may be useful in
environmentalchambersystems.Researchersworking on studiesof surface effects that may
potentially be relevant to chamberartifacts will also be encouragedto participate and give
presentationsatthis workshop.

The workshopwill alsoincludepresentationson policy issuesas theyrelateto modeling,
VOC reactivity assessment,assessmentof secondaryPM formation, and other areaswhere
environmentalchamberstudiescan potentiallyprovide relevantinformation. The objectivewill
be to relatethesepolicy needsto researchneeds,to helpsetpriorities for near-termandlong term
research.

The researchplan for this program will also be presentedat this workshop, and
participantswill be invited to give feedbackon all areas of this plan. This will include
discussionsof the policy relevanceand priorities of the proposedresearch,as well as the
discussionsof the scientificutility andtechnicalmerits or problems.A goal is that otherchamber
researchers(particularly the Europeans)can provide feedbackconcerningwhetherthis program
duplicatesor complementstheirprojects,as w~l1astheir experienceconcerningminimizing or
characterizingchambereffects.If any projectsaregoing to be adequatelystudiedelsewhere,they
obviously shouldbegivenlower priority for this program.On theotherhand,theremaybe cases
where complementaryor cooperativestudies with other chamberresearchersmay provide
valuableinformationwhich otherwisecouldnot be obtained.

It is expectedthat other workshopsmay be held later in the programas information
becomesavailable,or it maybe appropriateto obtainexternalinput concerningtheresearchplan,
from a scientific or policy-relevanceperspective.Theseprobably would be held in conjunction
with NARSTO meetings,as discussedbelow.

ResearchAdvisory Committee

Externalinput concerningtheoverall direction andpriorities of theprogramwill alsobe
obtainedthrough use of a ResearchAdvisory Committee, an approachwhich is being used
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successfullyin a numberof the largerpolicy-relevantprojectsat CE-CERT. This will include
invited representativesof regulatory agencies(including the EPA and the California ARB),
representativesof industrygroupsinterestedin theseissues,and appropriateexpertsin academia,
probablyincluding otherchamberresearchers.This groupwill be formedafter receivinginput
from the initial workshop, which will include input on the appropriatecomposition of this
committee.The initial meetingwill include a discussionof the researchplan in light of input
receivedat the initial workshop.and generalissueson how the programwill be carried out,
including how often theAdvisory Committeeshouldmeet.In subsequentmeetings,which would
be carriedout at leastannually, progresson theprogramwill be reviewed,and the implications
of the results of the program, and related scientific or policy developments,on the overall
researchplan,will be discussed.

Participationin NARSTO and theReactivityResearchWorkingGroup

NARSTO is a public/privatepartnershipwhose mission is to coordinateand enhance
policy-relevantscientific researchrelatedto troposphericpollution2, and which is beingusedto
coordinatemuch of theEPA-fundedresearchin this area.Theinvestigatorsin this programwill
participate in the appropriateNARSTO working groups to enhancethe coordinationof this
project with other NARSTO projects. This participation will also have the advantageof
providing an additional meansto obtain feedbackconcerningthe priorities and approachin this
project. We expect that participationwould be throughthe Modeling and Assessmentteam(of
which the Principal Investigatoris a member),thoughtheprimary coordinationmechanismwill
probablybe throughtheReactivityResearchWorkingGroup (RRWG).

The RRWG is an independentgroupformed to provide an improvedscientificbasis for
reactivity-relatedregulatory policies3, which has recently become part of NARSTO. Its
participantsinclude the EPA, the California ARB andother regulatory agencies,the Chemical
ManufacturersAssociationand otherindustrygroups,anda numberof academicsactivein areas
relatedto reactivity. ThePrincipal Investigatoris presentlythe leaderof the Reactivity Science
AssessmentGroup, and two of the Co-Invesiigators(Seinfeldand Tonnesen)contributedto the
initial reactivityassessmentdocumentthatwas preparedfor this group.The specific approachfor
how this programwill be coordinatedwithin RRWG hasnot yet beendetermined,and will be
discussedin theupcomingRRWG meetingscheduledfor March 24, 1999;

It may be that the workshopsand the Advisory Committee activities will also be
coordinatedwith RRWG or NARSTO, to avoid duplication of effort. This is yet to be
determined.

2 Seehttp://www.c2env.com/Narstofor further informationconcerningNARSTO’smissionsand programs.

‘Seehttp:/fwww.cgenv.cornfttrsto/reactinfo.htmlfor further informationrelatedto theReactivity Research
Working Group.

20



EvaluationofApproachesto Minimize or ControlChamberEffects

Other thananalyticallimitations, themain factorlimiting useof environmentalchambers
for mechanismevaluationat low pollutantconditionsis chamberwall effects. Known chamber
effects that are taken into account during mechanismevaluation include the chamberradical
source(which is believedto be due at leastin part to HONO absorptionand offgasing),ozone
wall losses,NO, absorptionand offgasing, N,O, hydrolysis, excessNO to NO2 conversions
attributableto backgroundVOC contamination,etc. (CarterandLurmann, 1990, 1991; Carteret
al, 1995a;Geryet al, 1989). Of these,perhapsthemost seriousfactorlimiting utility of chamber
dataunderlow NO, conditionsis NO, offgasingeffects,while backgroundVOC contamination
would limit theutility of dataunderlow VOC conditions.

Before finalizing the design and specificationsfor the chamber,we will investigate
approachesto minimize theseeffectsor at leastmake thempredictableand reproducible.Most
chamberscurrently usedfor mechanismevaluationconsistof heat-sealedFEP Teflon reaction
bags, which have good UV transmissioncharacteristicsand are relatively inert. Previous
evaluationshave indicated that metal is unsatisfactory,and work in our laboratories and
elsewhereindicatedthat chambersconstructedof glass(unpublishedresultsfrom this laboratory)
or Teflon coatedmetal (e.g., the APRC evacuablechamber[Carteret al, 1982, I995a]) have
higher radical sources.Although comprehensiveresearchmay reveal that there is a superior
surfacematerial thanTeflon film, we suspectthat there will probablynot be time (or funds) to
carry out suchcomprehensiveresearchand still havean operationalchamberwithin the desired
time frame, which is about 1 — 1 ½years. Therefore,it is expectedthat the chamberwill be
constructedof FEPTeflon film.

• Assumingthat this will be thecase(thoughuseof alternativematerialsis not ruled out),
theproblembecomeshow to treat or clean FEPTeflon film to minimize chambereffects and
makethempredictableandreproducible.In our laboratoryandat Caltech,the normalprocedure
hasbeento flush thereactionbagsbetweenruns,carryout periodic characterizationexperiments
(e.g., CO — NO, and n-butane- NO, runs to measurethe radical source, and pure air or
acetaldehyde— air experimentsto measureNO, offgasingeffects,and standardpropene— NO,
runs)and replacethem if anomalouscharacterizationresultsindicatecontamination.Although
this yields sufficiently well characterizedchambereffects for reactivity experimentswith NO,
levelsabove —50 ppb and sufficient VOC for ozoneformation, this will not be suitablefor the
purposeof this program.

Theapproachthat was employedat theTVA chamber(SimonaitisandBailey, 1995)was
to flush the chamberfor a relatively long periodof time. This approachis occasionallyusedin
our facility, and it is often found to be successfulin reducingcontaminationeffects when
anomalousresultsare seenafter exposureof the chamberto unusualreactants.Resultsof the
limited relevant characterizationdata given in the TVA reports indicate that this results in
significantly lower apparentNO, offgasingratesthan observedin our chamber.However, an
important issue in terms of chamberproductivity is the amount of flushing time required to
achievesatisfactoryresults.If long flushing times are required,a multi-reactor chamberfacility
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will beconstructedto allow experimentsto be carriedout in somereactorswhile othersarebeing
flushed.

This and other approachesfor cleaning will be evaluatedusing small (-—50-100 liter)
Teflon reactionbags,wherecontaminationeffectswill be much more evident.Examplesof other
approacheswhich might be tried might include treatmentwith water to removeabsorbedNO,
and othermaterials,followed by flushing with light, or perhapseventreatmentwith F,. Small
reactorswill also be usedto examine effects of temperaturevariation, since the chamberis
expectedto be operatedat arangeof controlledtemperatures.Obviously, any approachthat will
be employedwill haveto be scalableto a largevolumechamberat areasonablecost.

Experiencein our laboratory with a —12,000-liter chamber suggeststhat simply
increasingthe volumeof the chambercanbea major factorin reducingchambereffectssuchas
NO, offgasingrates(Fitz et al, 1998).However, theextentto which thelower apparentchamber
effectsin that reactormaybe due to other factors suchasuse of newerreactionbagsor higher
light intensity. Our existing larger chambers,which rangein volume from —1000 to —12,000
liters, canbe usedto investigatethe effectsof chambersize on chambereffects andefficacy of
cleaningand conditioningprocesses,if appropriate.In any case,any cleaningor conditioning
processwhich gives good results for —100-liter reactionbagsshould work at leastas well in
largerchambers.

ChamberandFacility DesignandFabrication

Basedon the resultsof the evaluationof prototypesand othertests,the designof one or
more larger researchchamberswill be developed.It may well be that more than one chamber
maybe necessary,especiallyif it is found that flushing for long periodsof time is necessaryto
control chambereffects.Separatechambersmay also be usedfor different researchobjectives,
suchassimulationsof nearlycleanair, measurementsof particle formationundermorepolluted
conditions, or assessmentsof VOC reactivity under more urban-like conditions using the
facilities’ advancedanalytical instrumentation.It is expectedthat chambersfor low NO, and
particleresearchwill needto be of largevolumeto minimize surfaceeffects,and alsoto permit
analysesusing instrumentwith high sampleflow requirements.The latter will be particularly
importantwhenusing thechamberto testinstrumentationdesignedfor field use.

Another design goal would be to have a chamberthat can be operatedin multi-day
simulationswithout significant dilution or loss of volume, and without buildup of wall effects.
Multi-day experimentswill be critical for simulationsof rural or longrangetransportscenarios.

Utilizing highly purified air and avoiding outside contamination is also critical.
Exploratory experimentsin our laboratory using proceduresto improve air purification have
shownthatthis reducessomeeffectsthat wereattributedto chamberwalls. To avoid introduction
of contaminantsfrom laboratory air into the chamber(through leaks or diffusion through the
Teflonwalls), the reactorswill be locatedin a “clean room” which itself is flushedwith purified
air.
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The first construction priority will be a high capacity air purification systemthat is
capableof removingCO as well asNO, andorganicsand otherpollutantsto the lowestpractical
level. Removalof methaneis a lower priority, but if feasiblethat will alsobe desirable.Removal
of methane,CO, andCO. would be desirableif feasiblebecauseit wouldpermit useof simplified
(and thereforemore reliable) methodsto measuretotal reactivecarbonpresent.High capacityis
essentialbecausethesystemwill be usedfor flushing thecleanroom that will housethe reactors,
as well as multiple large volume reactionbags.Reliability will also be a priority, as well as
reasonablecost. Variousair purificationapproacheshavebeenusedat different facilities, and an
initial evaluationhas been carriedout in the processof developingbudget estimatesfor this
proposal.Onepossibility that showspotentialis theuseof evaporated02 and N,, recombinedto
form syntheticair. This hasthe advantageof removingmethaneandCO, as well as otherspecies.
Although the operatingcostsof this approachwill behigherthan an air purification system,the
initial costsmaybe lower, andthereliability will probablybe significantly greater.

Anotherdesignissuewill involve temperaturecontrol.A temperaturecontrol systemwill
beconstructedwith thedesigngoalof holdingthechamberenclosureat a constantandcontrolled
temperaturebetween-—5” C or lower and —50’ C or higher, to within ±0.5°C. An evaluationof
availableoptionsis neededto indicatewhatis feasiblewithin thebudgetfor this proposal.

• Lighting is also an important consideration.The chamberwill be constructedindoors
with artificial lights to allow for complete temperatureand lighting control and adequate
characterizationof chamberconditions. Xenon arc lights probably will be employedbecause
amongthe optionswhich havebeenusedfor indoor chambers,they provide the most realistic
spectrum(Carteret al, 1995b). Although blacklights are less expensiveand give an adequate
spectrumin theUV, theywould be unsatisfactoryfor a temperature-controlledchamberbecause
their outputis affectedby temperature.However,blacklightsmaybe employedfor lighting the
reactionbagsfor cleaningand flushing, should thatapproachbe employedfor chambercleaning
andconditioning.

It hasnot beendecidedexactly where the chamberfacility and associatedanalytical
laboratory will be located within CE-CERT, since there is insufficient space in the room
currently housing the CE-CERT AtmosphericProcessesLaboratory(APL) for this purpose.A
spacehasbeenidentified in the high bay areanear the APL which may be sufficient for this
purpose.However, it may be less costly to place the facility housing the chamberoutdoors,
which would allow for more options in termsof spaceand configuration.An existingmodular
building could be usedto houseat leastsomeof the equipment,thoughadditional structuresto
housethechamberenclosureandits associatedlights andtemperaturecontrolsystemwould have
to be constructed.The currentbudgetestimateis basedon assumingthe latter option, which is
believedto be morecost effective,andwhosecostis easierto estimate.

Analytical Instrumentation

An essentialcomponentof any environmentalchamberfacility is the instrumentation
usedto measuretracepollutant levels.Much of the neededinstrumentationis the sameasthat
neededto supportexperiments,for ozone model evaluationat higher NO, conditions, such as
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ozoneand CO monitors,gaschromatographsfor monitoring hydrocarbons,etc. In addition,CE-
CERT alreadyhas a tunablediode lasersystemfor monitoring trace levels of NO, and HNO,.
However,significantadditionalinstrumentationwould be neededto supporttheobjectivesof this
program,most of which arenot presentlyavailableat currentenvironmentalchamberfacilities in
theUnitedStates.Sinceacquisitionof analyticalequipmentwill be limited by thebudgetfor this
program,an importantsubjectof the initial planningworkshopwill be to determinethepriorities
of advancedequipment needed.However, the priorities for instrumentationacquisition are
expectedto be as follows.

Instrumentationfor Gas-PhaseAnalyses:

• High sensitivity NO - NO, analyzers.This will be the first priority for instrumentation
acquisitionbecauseit will be neededin theexperimentsto evaluateminimizing chamber
effectsandfor evaluatingthe air purificationsystem.Ourlaboratoryhasanalyzerswhich
may be satisfactoryfor this purpose,though the needfor additional or more sensitive
analyzerswill haveto be evaluated.

• High sensitivity total carbon,NMHC. and CO analyzers.Thesewill also be priorities for
evaluatingthe air purification system.Our laboratorieshavesuchanalyzers,but theyare
not sufficiently sensitive. Note: that if methaneand CO2 can be removedfrom the
backgroundair, a relatively simple total carbonanalyzercanbeusedto measureNMHC
with reliability andwithout needfor calibration,by convertingeverythingto methaneand
detectingthemethaneby flame ionizationdetection.

• FID Gas Chromatographsfor Monitoring Organic Species.GC/FID provides the most
sensitive, accurate,and preciseanalysis available for hydrocarbonsand other low to
moderatevolatility VOCs that can be analyzedby this method. Our laboratory already
has severalsuch instruments,where loop sampling is usedfor more volatile or less
“sticky” compounds,and Tenax cartridge sampling is used for others. The present
systemsat ourfacility will probablybe sufficient for the initial evaluations,but additional
GC/FID systemswill be neededonce the facility becomesoperational.An automated
samplingandconcentrationsystemwill be acquiredto maximizesensitivity,productivity
anddataprecision.

• TunableDiode LaserSystems(TDLAS) can be usedfor analysisof NO,, H202, HNO3,
formaldehyde,and other difficult to monitor trace species.Monitoring “true” NO2 is
particularly important,and becauseof interferencescommercialNO - NO, analyzersare
notsuitablefor this purpose.OurlaboratorypresentlyhasaTDLAS• systemthat hasbeen

• usedsuccessfullyto monitor NO2, thoughit usessomewhatolder technologyand lacks
the reliability for routineuse. Although thepresentsystemwill probablybe satisfactory
for evaluationof chambereffects,additionalsystemsfor monitoring otherspecies(whose
prioritieswill bedeterminedsubsequently),or a replacementto theexisting system,will
probablyneedto be acquiredlater in theprogram.

• A Differential Optical Absorption Spectrometer(DOAS) providesa meansto monitor
nitrous acid,NO. radicals,formaldehyde,glyoxal, certainaromaticcompounds,andother
specieswith highly structuredUV absorptionspectra.It provides the most sensitive
available analysis for nitrous acid, which is believed to be a key speciesaffecting
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chamberradical sourcesandmay be importantin initiating radical formationwhenlights
are turnedon in multi-day simulations.It alsoprovidesthe only knownmeansto monitor
NO. radicals, a key nighttime species,under atmosphericconditions. Becauseof its

• ability to monitor nitrous acid, a DOAS instrument will be useful for chamber
characterization,andwill probablybe apriority for earlyacquisitionin this program.

• A Gas ChromatographI Mass Spectrometer(GC/MS) will be a priority oncewe begin
experimentswith test compoundsbecauseit provides a meansto identify as well as
quantifyorganiccompoundswhich canbe monitoredby gaschromatography.Its primary
usewill be organicproduct identification. It is expectedthat a mass selectivedetector
(MSD) will be employed, though the final decision concerning the instrumentation
optionswill be determinedlaterin theprogram.

• A HPLC Systemwill alsobe a priority oncewe beginexperimentswith testcompounds
becauseit provides a means to identify and quantify certain aldehydesand other
compoundsthat arenot suitable for GC analysis.It will also be neededfor analysisof
constituentsof organicaerosolsin ~xperimentswherethesearecollected.

• ECD GasChromato~raphsfor Monitoring PANs. OrganicNitrates,and Other Species.
GC/ECD provides a meansto routinely monitor PAN analoguesand monitors other
nitrogenousor halogenatedcompoundswith high sensitivity. Althoughour laboratoryhas
a GCJECD system,its performanceis not satisfactoryfor quantitativework. Options for
an improvedsystemwill beinvestigated.

• A Fourier TransformInfrared (FT-IR) systemprovides a meansfor monitoring trace
speciesthat cannotbe monitored in otherways. It is a lower priority for acquisitionfor
this programbecauseit lacks sufficient sensitivity to be useful for studies carried out
usingambientor lower pollutantlevels.For that reason,acquisitionof a FT-IR systemis
not in the budgetfor this program.However, it may turn out to be desirablefor special
studies, verifications, or calibrations. Therefore, the possibility that the priority for
acquisitionof this systemfor this programcannotberuledout at this time.

Aerosol Instrumentation:

• An Ion Chromato~raphwill be usedto analyzeparticulatematter for anions following
extractionwith an aqueoussolvent.

• An OrganicCarbonAnalyzerwill usedto determinethe organiccontentof particulate
mattercollectedfrom thechamberusinghighpurity quartzfilters.

• A TSI model3320AerodynamicParticleSizerwill beusedto determinetheparticlesize-
numberdistributionfor particlesgreaterthan0.3 ~m aerodynamicdiameter.

• TSI 3080LElectrostaticClassifierw 3080Controller,3077Neutralizer.3081L0ngDMA.
TSI 390087 SMPS luterfaceand Software.TSI 3OlOS CondensationParticle Counter
with fast scan EPROM. This combination of instruments will provide particle size
numberdistributionfrom 0.003to 0.5 ~m aerodynamicdiameter.
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• TSI 3076 ConstantOutput Atomizer, TSI 3062 Diffusion Dryer. TSI 3077 Aerosol
Neutralizer.This combinationof equipmentwill be usedto add a syntheticseedaerosol
to allow SOA to condenseon existing aerosolratherthanself-nucleate.

It is importantto recognizethat organicphotooxidationproductsthat areexpectedto be
formed under low-NO, conditions will be different than those formed under higher-NO,
conditions, and amongtheselow-NO, productstherewill be unstableand difficult to monitor
speciessuchashydroperoxides.Onehigh-priority focusof the analytical developmentfor this
programwill be to developand evaluatemethodssuitable for monitoring hydroperoxidesand
other low-NO, organicproductspecies.Wherenecessary,the participationof syntheticorganic
chemistswill be utilized to prepareauthenticsamplesfor analyticaldevelopmentandcalibration.

Oncetheequipmentneedsareidentified, thenecessaryequipmentwill beorderedandthe
appropriateprocedureswill be evaluatedfor utilizing and calibrating them. They can be
evaluatedutilizing the existing chambersavailable at CE-CERT, and intercomparedwith data
from otherrelevantinstrumentationwhereapplicable.A quality assuranceplanfor measurement
datawill alsobe developedandevaluatedduring this period.This analyticaldevelopmentcanbe
done on a time frame parallel to the design, construction, and characterizationof the new
environmentalchambers.

ChamberCharacterizationandEvaluation

Once the chamber(s)are constructed,appropriatecharacterizationexperimentswill be
carriedout to evaluatetheir performanceandcharacterizethemfor usefor modelevaluation.The
typesof characterizationexperimentsemployedfor this purposearediscussedelsewhere(e.g.,
seeCarterandLurmann,1990, 1991; Carteret al, 1995a),andwill include,but not necessarilybe
limited to, thefollowing:

• Light Intensity is measuredusing actinometry experimentsand by other methods.The
NO2 photolysisratecanbe measuredat variouspositionsin the chamberenclosureusing
the quartz tube method developedby Zafonte et al (1977), modified as discussedby
Carteret al (l995a). The net NO2 photolysis ratewithin the reactionbag can also be
measuredusing the steadystatemethod,basedon the photostationarystatebetweenNO,
NO,, and O~in the absenceof other reactivecompounds(Carteret al, l995a,b). An
alternativemethodthat hasprovento be more reliablefor measuringoverall photolysis
rates in the chamber is to measurethe Cl2 photolysis rate by measuringthe rate of
consumptionof n-butanein the presenceof Cl2. Relative light intensities on various
surfaces within the enclosure can be measured •using our LiCor Li-l800
spectraradiometer,which is also usedto measurethe spectrumof the light source,and
radiometerssensitiveto various spectralregions can also be employed.Theseor other
appropriatemethodsmaybe employedfor this purpose.

• TemperatureCharacterizationexperimentswiU be conductedto evaluatetheperformance
of thetemperaturecontrol systemat varioustemperatureswithin its rangeof control. This
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will include experimentswith andwithout the lights, and measurementstakenat various
pointswithin thechamberenclosure.

• PureAir Experimentswill be usedto measurebackgroundeffectssuchas NO, offgasing
and the presenceof otherteactive speciesin the matrix air or offgasedfrom the walls.
Ozoneformation in suchexperimentsis highly sensitiveto NO, offgasing(or NO, in the
matrix air), but is also sensitiveto backgroundVOCs (or CO) which can enhanceozone
formationby convertingNO to NO2. Because03 formationin pureair runsis sensitiveto
severalfactors,pure air runs arebestusedin conjunctionwith othertypesof experiments,
which havediffering sensitivitiesto thesefactors.Monitoring for tracespeciescan also
indicateif suchspeciesareoffgasedfrom thewalls during photolysis.

• Aldehyde — air or VOC or CO — air experi•mentscan also be usedto measureNO,
offgasing and are useful in conjunctionwith pure air runs becausethey aremuch more
sensitiveto otherbackgroundeffects.Formationofozoneor (in the caseof aldehyde— air
runs)PAN providesa sensitivemeasureof NO, offgasing.

• NQ~~Irexperimentsare sensitiveto the presenceof background(or offgased)VOCs,
and thus provide another useful complement to pure air runs. The rate of NO
consumptionprovidesameasureof therateof NO to NO, conversioncausedby reactions
of backgroundVOCs. Theyare also sensitiveto chamberradical sources,andhavebeen
used,with reactiveorganictracerspresentto monitor OH radicallevelsfrom theirratesof
consumption,to measurethe chamberradical source (Carter et al, 1982). However,
subsequentanalysisindicatesthat this methodtendsto give overestimatesof thechamber
radicalsourcein chamberswheretheradicalsourceis low (Carteret al, 1995b),which is
expectedto be thecasefor thechambersdevelopedfor thisprogram.NO, air experiments
arebestusedin conjunctionwith otherexperimentsusedto measuretheradical source,so
therateof NO consumptionin the NO,-airexperimentcan provide a moreunambiguous
indicationof the levelsofbackgroundVOCs.

• Alkane (usually n-Butane)- NO, or CO - NO, havebeenfound to provide the most
sensitiveand reliablemethodto measurethechamberradical source.Theratesof NO to
NO, conversionin theseexperimentsarehighly sensitiveto the radical source,and the
other aspectsof the mechanismsthat affect theseobservationsare well characterized.
Suchexperimentscan alsobe usedto indicatewhetherthe injectedNO, is contaminated
by nitrous acid, which canoccurif improperNO, injection proceduresare employed.If
HONO is presentinitially, it will be indicatedby relatively high NO to NO2 conversion
ratesduring the initial periodsof theexperiments.

• DarkDecayExperimentsare usedto measurewall lossesof species,suchasozoneand
nitric acid, which tendto be destroyedor absorbedon surfaces.It will also be usedto
evaluatewhethercompoundswhich are not expectedto be lost on surfaces,such as
hydrocarbonsand (at least under dry conditions) formaldehydeand other oxygenates
indeedremainin thegasphasein this chamber.Darkdecayexperimentswith low levels
of NO,will alsobe conductedto assesswhetherthesespeciesalsogo to thesurfaces.

• Smog Simulation Control Experiments,such as propene - NO, or surrogate- NO,
experiments,will be carriedout to assessreproducibility, consistencywith resultsin other
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chambers,equivalencyof results in different reactors,and consistencywith model
predictionsfor well characterizedchemicalsystems.Suchexperimentsarealso usefulfor
evaluatinganalyticalmethodsbecausethe amountsof variousspeciesformed areknown
or can be simulatedusing well evaluatedmechanisms.A new set of standardcontrol
experimentswill be developedto assessreproducibility and consistencyof resultsof
experimentsat low reactantconcentrations.Results of experimentsusing known or
previously studied systems will be compared with previous data and with model
simulations.Any discrepanciesor unexpectedresultswill be fully investigatedprior to
proceedingwith theremainderof theexperimentalprogram.

The aboveexperimentsare necessaryfor characterizingthe chamberfor evaluatinggas-phase
mechanisms.However,sincethis chamberwill alsobeusedfor assessingaerosolformation and
evaluatingmodelsin this regard,additional experimentsare neededto characterizethechamber
for this purpose.The mostimportantfactoris theaerosollifetime. This will be characterizedby
addingseedaerosoland measuringits numberconcentrationas a function of time. This will be
donein both thelight anddark.

The characterizationexperiments will be carried out at varying temperaturesand
humidities, representingthe rangeof conditions expectedto be usedfor model evaluationor
reactivity assessmentexperiments. The number of such experiments will depend on the
sensitivitiesfoundfor thevariouschambereffects.In addition,sincethefacility will beusedfor
multi-day simulation experiments, appropriatemulti-day characterizationruns will also be
carried out. It is expectedthat there will be some extreme conditions (e.g., extremesof
temperature,near 100% humidity, or very long irradiationperiods) where the characterization
datawill indicateunacceptablylarge or irreproduciblechambereffects,or unexpectedresults
which cannotbe modeled. Therefore,in addition to characterizingchamberconditions, such
experimentswill also provide information on the range of conditions for which useful
experimentaldatacanbe obtained.

Model EvaluationExperiments

Oncethe performanceof thefacility and thereactorsare adequatelycharacterized,and
any discrepanciesor unexpectedresultsin control experimentshavebeenaccountedfor, wewill
begin using it for model evaluationexperiments.Becauseof the special capabilitiesof this
facility, the focus will be on model evaluationunder low-NO, conditions, and evaluationof
modelpredictionsof temperatureeffects.However,themodel evaluationexperimentswill notbe
limited to theseareas,and will be determinedlargely by scientific and regulatory needs.The
objective will be to complementand extendthe existing mechanismevaluationdatabase to
provide the dataof greatestscientific utility for evaluatingmodelsfor regulatory applications,
taking advantageof thespecialcapabilitiesof thefacility.

The planfor specificexperimentswill be finalized afterreceivinginput at theworkshops
and• from the Advisory Committee, and after taking into account the results of the
characterizationexperiments.It is expectedthat they would include, but not necessarilybe
limited to. thefollowing typesofruns:
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• CO - NO, — air andMethane- NO, — air runs.Note that someof thesewill alsobe carried
out for characterizationpurposes.Concentrationsandtemperatureswill be varied.

• Sin2leonanic- NO, — air runs.The organicsstudiedwill includerepresentativealkenes
(including isoprene and other biogenics), aromatic hydrocarbons, formaldehyde~
acetaldehyde,and otherrepresentativecompoundswith sufficient internalradicalsources
that single compound- NO, experimentsprovide useful data4.The compoundschosen
will include representativesof the major types of compoundsin anthropogenicand
biogenicemissions.This will include compoundsthat areknown or expectedto be SOA
precursors,asdiscussedin the following section.Concentrations,temperatureand (for
SOA-formingcompounds)humiditieswill be varied.

• Ambient surrogate- NO, experimentswill be carried out using surrogatemixtures of
varyingcomplexity, both with and without representativebiogeniccompounds.Note that
someof thesewill beusedasbasecasesin incrementalreactivity experiments,which are
discussedseparatelybelow. For the purposeor aerosolassessmentstudies(seebelow),
surrogateswith varying aerosolforming potentialswill be evaluated.Concentrations,
temperatureand(for SOA-formingsurrogates)humiditieswill be varied.

Synergisticeffects arising from interactionsof radicalsfrom different typesof reacting
VOCs areexpectedto be moreimportantunderlowerNO, conditionsthan undermore polluted
conditions where most of the organicradicals reactwith NO,. Therefore,mixture experiments
will be important for evaluatingmechanismsunder realistic conditions. If experimentswith
complex, atmosphericallyrealisticmixtures give resultswhich are not expectedbasedon results
of the singlecompoundruns, experimentswith varying simple mixturesmay be appropriateto
elucidatethesynergisticeffectswhich maybe occurring.

The full array of available analytical instrumentationwill be employed during these
experiments.Note that data on “true” NO2 and H,O2 will be •priorities in all low-NO,
experiments.In addition to the injectedorganic(s),datawill be obtainedon as many organic
productsas canbedetectedusing the availableinstrumentation.A priority will be to determine
how product formation differs under conditions when NO, hasbeen consumedcomparedto
productsformed in thepresenceofNO,.

Multi-day experimentswill be conducted using representativesof various types of
experiments,to obtain mechanismevaluation data over longer time periods, and also for
evaluating mechanismsfor nighttime chemistry. Since artificial lights will be employed,
nighttime will be simulatedby turning off the lights, and morningswill be simulatedby turning
themon again.(Differencesbetweenimmediatelyturning on and off thelights and changingthe
light intensity gradually will be assessed.)NO3 radicals and HONO, which areexpectedto be
importantspecies,will be monitoredusing DOAS.

NO,-airirradiationsof singlealkanesandotherspecieswithout internal radical sourcesarenotusefulfor
mechanismevaluationbecauseof theirsensitivity to the chamberradical source.
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The resultsof the experimentswill be comparedwith model predictionsas soonasthe
data are processedand characterizedfor modeling. Experiencehas shown that this provides
importantfeedbackfor quality controlandfor planningthemostusefulfollow-up experiments.If
resultsof a particularexperimentalsystemare as expectedbasedon thecurrentmodel,follow-up
experimentsare obviously of lower priority than if unexpectedresults are obtained.Therefore,
modelingwill be an integral part of the experimentalprogram,as it hasbeenwith most other
environmentalchamberprogramsatCE-CERT.

Becauseof the number of compoundsand types of mixtures which are relevant to
ambientsimulations, and the wide range of conditions which can be simulated using this
chamber,it obviously will notbepossibleto obtaincomprehensivedataon all possiblesystems.
Therefore,determiningpriorities for experimentalsystemsthatprovide the most useful datafor
model evaluationwill be important. Immediatemodeling of the dataobtained,combinedwith
external input through the workshopsand Advisory Committee as discussedabove, will be
essentialfor maximizing theutility of this facility.

ExperimentalDeterminationof SecondaryOrganicAerosolYields

Background

Theapproachthathasbeenmostsuccessfulto estimatethe SOA forming capability of a
ROG involves thedirectmeasurementof secondaryorganicaerosolyields. TheSOA yield Y is a
measureof the massof aerosolthat is producedfrom the atmosphericoxidationof anROG and
is definedas

~= AM0
AROG

whereAM,, is theamountof aerosolproducedfor a givenreactedamountof an ROG, AROG. In
the study of secondaryorganic aerosolformation, typically a smog chamberis initially filled
with a mixture of NO4, inorganic seedparticles, and an aerosol-producinghydrocarbon.The
chamberis thenexposedto sunlight, or otherUV sOurces,that initiatesphotooxidation.As the
hydrocarbonreactsit forms semi-volatileproductsthat condenseon the seedparticles.If mass
transportto the availableparticlescannotkeepup with the rateof productformation or whena
seedaerosolis not initially present,thesemi-volatileproductsaccumulatein the gasphaseuntil
supersaturationis reached,and nucleationoccurs (Bowmanet al., 1997). Studiesshow that the
amountof aerosolproducedfor a given amountof reactedROG is independentof whethera seed
aerosol is present.Reactionsare ordinarily run until the entire initial amount of ROG is
consumed.Typically the volume of the initial seed aerosolis small comparedto the organic
aerosolvolumegenerated.

Ozone-formingpotential of organics is determinedbased on atmospheric reaction
mechanisms.In principle, aerosol-formingpotential could be calculatedbasedon a similar
atmosphericoxidationmechanismthat includesall significantsemi-volatileproductspeöies.The
actual amountof aerosolthat would be formed under a particularset of circumstances,unlike
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ozone, dependson the amount of aerosolavailable to absorbthe semi-volatile products.The
relativeaerosol-formingpotentialof a groupof organicscould, in principle,be determinedbased
on their oxidation productsand the thermodynamicpropertiesof theseproducts.This ab initlo

approachrepresentsa goal that hasnot beenattainedbecauseof incompleteknowledgeof the
semi-volatileoxidation productsof the importantaerosol-formingcompounds.Thus, it hasbeen
necessaryto rely on experimentallymeasuredaerosolyields.

Overthepastseveralyears,SOA yields for over 30 aromaticandbiogenicorganicshave
beenmeasuredin the California Institute of Technologyoutdoorsmog chamber(Odumet al.,
1996, l997a, l997b;Hoffmannet al., 1997;Griffin et al., 1998).To fit theobservedyieldsto the
theory, the mix of semi-volatile oxidation products for each parent compound has been
representedby two empiricalproducts.It hasbeendeterminedthat observedyieldscannotbe fit
by assumingonly a single productand that threeproductsis superfluous(Odum et al., 1996).
Roughly speaking,one of the empirical semi-volatile products tends to representa relatively
lower vaporpressurecompoundand theotherarelatively highervaporpressurecompound.

Odumet al. (l997a,b)showed,moreover,that aerosolyields for the photooxidationof a
mixture of parenthydrocarbonscouldbe predictedsimply as the sumof theSOA yields for the
individual parentcompounds.This suggeststhat, atleastfor thecaseof a pureorganicabsorbing
phase,oxidation productsof different parenthydrocarbonsare assoluble in a mixed organic
productphaseas in an organicphaseconsistingexclusivelyof theirownoxidationproducts.

TheexperimentallydeterminedSOA yieldsreportedby Odumet al. (1997a,b)andGriffin
et al. (1998)havebeenmeasuredat relativehumidity (RH) less than5%. At this level of RH the
seedaerosol,(NH4),SO4, is dry and the resultingorganicaerosolis water-free.Experimentsare
presentlyunderway at Caltechto measureSOAyields as a fraction of RH over realisticambient
RH ranges.Becauseorganic products will likely be most soluble in their own liquids, SOA
yields measuredat essentially0% RH canbe expectedto representan upperlimit to the aerosol
partitioning that will result. While many SOA products are water soluble (Saxenaand
Hildemann,1996), theyare not expectedto bemoresolublein an aqueousmixture thanin a pure
organicphase.

ExperimentalPlan

The researchersat the California Institute of Technology,who haveconductedmuchof
the previous researchin determiningthe SOA-forming ability of VOCs, will work with CE-
CERT in designinga chamberappropriatefor state-of-the-artaerosolresearch,specifying the
instrumentationneeded,and defining a researchplan. It is expectedthat the low surface-to-
volume ratio and lack of wind buffeting will provide longerparticle lifetimes than has been
possiblepreviously,andtemperature,lighting, andhumidity controlwill allow experimentsto be
carriedout undermore controlledconditionsthan possibleusingoutdoorchamberssuchasthat
at Caltech.This will be evaluatedusing appropriatecharacterizationexperiments,as discussed
above.
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Theinitial experimentswill be designedto duplicateexperimentalsystemsthat havebeen
well studiedusing theCaltechchamber,to seeif comparableresultscanbe obtainedin the new
chamber.This will include determinationof SOA yields for selectedaromaticsand biogenics,
andmodeling the results using theapproachdiscussedby Odum et al. (l997a,b)to seewhether
similar parametersareobtained.If differing resultsareobtained,thesourcesof thediscrepancies
will be investigatedin consultationwith the Caltechresearchers.Note that this may well include
carryingout at Caltechaswell as using the CE-CERTchamber,thoughsignificantexperimental
work at Caltech may require additional funding or modifying the budgetproposedfor this
program.Assuringthat consistentresultscanbe obtainedat the differentchamberfacilities, and
that any differencesobservedcan be understoodand takeninto account,will be an important
priority, sinceit reflectson thegeneralutility of chamberdatafor this typeofresearch.

Assumingthat the aerosoldataobtainedfrom this facility are consistentwith thosefrom
Caltechor that differencesareunderstood,the new experimentwill thenbe usedto conduct
experimentsfor which this facility is best suited. This will include extending the rangeof
conditions under which SOA are determinedfor the representativearomatics,biogenicsand
mixtureswhich werepreviously studied,aswell asstudyingadditional compoundswhich may
be of interest in regulatory applications(see below). Thesewould include experimentswith
varying reactantconcentrationsand variabletemperatureandhumidities.Productanalysis(both
gaseousandparticulatephases)will also be a componentofthis research,to provide information
usefulfor developingand evaluatingmechanisticmodelsfor SOA formation.The overall goal is
to provide information neededto evaluatemodelsfor aerosolformation under controlled and
variedconditions,andto characterizetheSOA forming ability ofindividual VOCs ofinterest.

It is important to recognize that in most cases the full complementof aerosol
measurementswill be carried out in conjunction with the full complementof gas-phase
measurements,to provide datafor evaluatingbothgas-phasemechanismsand aerosolformation
modelevaluationsandmeasurements.In many cases,theSOA yield determinationscanbe made
while conducting appropriate types of mechanismevaluationexperimentsdiscussedin the
previous section,or while conductingreactivity experimentsdiscussedbelow. Likewise, gas-
phasemeasurementsmadeduring experimentscarriedout as part of aerosol-relatedstudiescan
also be usedfor gas-phasemodel evaluation.This is advantageousnot only becauseit makes
maximum use of the facility, but also becausegas-phaseand aerosol dynamic processesare
interdependent,andultimatelywill needto be incorporatedin a unifiedmodel.

VOC ReactivityAssessment

Since,organiccompoundsdiffer significantly in their effects on ozoneformation, VOC
regulations based on considerationsof relative reactivity are receiving increasedattention
becauseof theirpotential as a more cost-effectivealternativeto mass-basedcontrols.However,
existing reactivity scales have been developed for high-NO,, conditions, and some have
questioned whether they are relevant, or even directionally correct, in very low-NO,
environments.An additionalissueis thequestionwhetherreplacingemissionsof rapidly reacting
VOCs with moreslowerreactingVOCs in orderto reduceozonein urbanareasmaydegradeair
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quality in downwind areasbecauseof the greaterpersistenceof the slowly reactingcompounds.
These issues can be addressedby model simulations, but as discussed above existing
enviroimiental chamberdata have not been adequateto evaluate the accuracy of model
predictionsundersuchconditions.

It might be arguedthat sinceVOCs are believedto haverelatively little effect on ozone
formation underlow NO, conditions,assessingVOC reactivitiesundersuchconditions is not a
priority. However,sincetheproposedfacility will provide dataconcerninga wide rangeof VOC
impacts, the term “reactivity” canbe consideredin a contextwhich is broaderthanjust ozone
impacts. Furthermore, in view of the fact that some are proposing to de-emphasizeVOC
regulationsin low-NO, areasbecausethey arebelievedto havelow or possiblenegativeeffects
on ozone,it is even more importantthat their otherair quality impacts be accuratelyassessed.
That is what is meantby “reactivity evaluationsunder low-NO, conditions.” Obviously, the
modelpredictionsthat VOCs indeedhavelow or negativeimpactson 03 underthoseconditions
still needto beverified. But this is not theonly, or eventhemostimportant,reasonfor doing this
research.

Reactivity evaluationexperimentsconsist of determining the effects of adding (or
removing)the subjectVOCs from mixturesrepresentingtheambientenvironmentof interest.In
this case,the experimentswill be designedto simulatevarious low-NO, rural or regional-scale
episodesor urban areasof the future, which may be approachingor attaining the air quality
standards.This may include multi-day simulations to assesslong-term effectsof VOCs on
downwindair quality. Sinceit is expected(thoughnot yetactuallyexperimentallydemonstrated)
that ozone levels in thesescenarioswill be relatively insensitiveto VOCs, an importantfocus
will bedeterminingtheeffectsof the VOCson othermeasuresof air quality in addition to ozone.
Thiswould includedeterminingeffectson secondaryparticleformation, whereapplicable.

Experimentswill alsobe carriedout to assesstheeffectsof temperatureon thereactivities
of selectedVOCs. These would include higher NO, as well as low NO, experiments,since
temperaturedependencedataon VOC reactivities is highly limited. The rangeof temperatures
employedwill representthe rangeof ambientconditions relevantto air pollution in the United
States,to within the capabilityof thefacility. Note that this may include temperaturesthat may
be too low for significantozoneformation,but whereVOCs mayhaveotherimpactsthat needto
beassessed.

The compoundsstudied will include representativesof the major classesof emitted
VOCs, which include alkanes, alkenes (both anthropogbnic and biogenic), aromatic
hydrocarbons,andsimpleoxygenatcs.Representativesof majorclassesof solventspeciesusedin
industrial and consumerproductapplicationsalso will be studied.Oneimportantexamplewould
be studiesof representative.compoundspresentin architecturalcoatings,to assessthe impactsof
emissionsof suchVOCs on low-NO, or regional environments.The specific compoundsto be
studied, and the numberof scenariosor conditions employed,will dependon how well the
resultsobtainedin the initial compoundscorrespondto modelpredictions,aswell as regulatory
needsconcerningdataon individual typesof VOCs, asdiscussedin thefollowing section.
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The secondtype of study that will be carriedout will simulateenvironmentsthat might
result if largesubstitutionsof currentemissionswith low reactivity compoundsarecarriedout.
The specific approachemployed,andsubstitutionscenariosexamined,will be determinedafter
consultationwith the RRWG and others.However,it is expectedthat thesewould be multi-day
experimentswhose results will be comparedwith simulations using mixtures representing
currentor potential future mixturesof emitted VOCs. Since different results are expectedfor
differing types of low reactivity compoundsthat might be used,experimentswill be carriedout
usingseveralrepresentativetypesofsuchcompounds.

Useful compoundsto study, which are expectedto yield significantly different results,
might include ethane, acetone,and a long chain n-alkanesuch as n-hexadecane.Ethaneand
acetonehave low reactivity becausethey react relatively slowly. Although they have similar
incrementalreactivitiesunderurban conditions, they differ in that acetoneis a strong radical
sourcewhile ethaneis nearly neutral in this regard.Long chain alkanesin fact reactrelatively
rapidly, but havelow ozonereactivitiesunderurbanconditions becauseof their strong radical
sinks. Major increasesin levels of such compoundsmay result in greaterpersistentof other
reactivepollutants.

Studiesof Impactsof RepresentativeVOC SourcesRelevantto RegulatoryIssues

It is expectedthat during the courseof this programstudiesof environmentalimpactsof
particularcompoundsor sourcecategoriesmay be of particularrelevanceto current regulatory
needs.Examplesmight include impactsof emissionsof architecturalcoatingsor of changesin
motor vehicle fuel reformulation. In the case of architecturalcoatings, it is important to
determinewhetherthe environmentalbenefit strict regulationof theseVOCs will be worth the
economiccostsand potentiallossin coatingsquality that suchregulationsmight entail. This is a
particular concernwhen they are used in low-NO, environmentswhere ozonemay not be
sensitiveto theiremissions.Resultswill help to determinewhethertheirregulationneedsto be a
priority in the future if significant NO, controls are implemented.Experiments simulating
variousscenariosinvolving coatings emissionscan be conductedto elucidatethis. This could
include determiningthe effectsof adding the coatingsVOCs to simulatedrural mixtures that
might behigh in biogeniccompounds,as well assimulationsof mixturesmorerepresentativeof
urbanscenarios.CE-CERT is proposing to develop a coatingsresearchcenter underseparate
funding, so the appropriateexpertiseshould be available for designingsuch a study to yield
maximumutility andrelevance.

With regardto studiesof impactsof vehicle emissions,it shouldbe notedthat CE-CERT
alreadyhas an advancedresearchdynamometerfacility and vehicleemissionexpertisethat can
bemadeavailable to this project. The low NO, chamberwill be particularly usefulfor studiesof
impactsof very low emissions(i.e. ULEV) vehicleswhoseemissionsaretoo low for useful study
using currently availablechambertechnology.Although the emissionsfrom thesevehicles are
low, they are not completelynegligible, and will becomeincreasinglyimportantin thefuture as
othersourcesarecontrolledandhigheremissionoldervehiclesareremovedfrom service.
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ExperimentalCharacterizationof NO7 andRadicalBudgets

Uncertainty in the budget of NO7 will particularly limit our confidence in model
simulationsof the effectivenessof NO, reduction strategies.On theurban scale,NO, emissions
can be terminatedin the form of relatively inert nitrogencompoundsNO, = HNO, + RNO, +

PAN. At theregional scalePAN canbecomea net sourceof NO, so that NO, is terminatedas
NO, = HNO, + RNO,. The 03 productionefficiency per NO, (P(O,)IP(NO,)) is thought to vary
considerablyas a function of both the ratio of VOC/NO, and the absolutelevels of VOC and
NO,. Thephotochemicalmechanismsmostcommonlyusedin AQMs, particularlythe CB4, were
designedfor usein urbanscenarioswith high NO, levels.For thoseconditions,predictionsof 03
were relatively insensitiveto uncertaintyin the NO7 budget.Even in the caseof mechanisms
suchasRADM2 that were designedto handlerural conditions with low NO,, thereare large
uncertaintiesin the productionof NO, for low NO, conditions. In a recentmechanisminter-
comparison,Lueckenet al. (1999) foundlargedifferencesin the speciationof NO, andin 03 per
NO, productionefficiencies,particularly for low NO, conditions.Uncertaintyin the NO7 budget
will becomeincreasinglyimportant with the increasedemphasison fine particulatematterand
regional 03 levels. Thus, it is important to account for the fate of NO, and 03 production
efficienciesper NO, at low NO, conditions,andlow NO, chamberexperimentswill be neededto
evaluatethemechanismsfor thoseconditions.

Uncertaintyin the budgetof HO, will limit our confidencein model simulationsof the
effectivenessofVOC reductionstrategies.Recentfield studies(Carpenteret al., 1998;Wennberg
et al, 1998; Stevenset al, 1997;Crosley, 1997;Cantrellet al, 1997;Cantrellet al, 1996; Plummer
et al, 1996)havefound largediscrepanciesbetweenmodel simulatedand observedHO, levels
and ratios. Thus, there remains considerableuncertainty in the budgetsof HO, in current
photochemicalmechanisms.We note that the magnitudeof chamberwall effects are inferred
from the presenceof apparentartifacts in chamberexperiments,i.e., the experimentalresults
differed from expectationsbased on well acceptedaspects of the photochemistry.The
discrepanciesbetweenmeasuredand modeledratios of HO2/OH and RO,/H02 in thesefield
studiesraisesan importantconcernthat real ambientprocessesarebeingsubsumedin chamber
wall mechanisms.Thus, it is importantto characterizeradicalbudgetsin chamberexperimentsas
fully as possible.

To characterizethe radical budget, it is necessaryto experimentally evaluate the
initiation, propagationand termination of radical species.Ratesof radical initiation can be
estimatedby measuringactinic flux and the concentrationsof radical precursors(i.e., those
speciesthatphotolyzeor decomposeto produceradicals).Radicalpropagationefficiency canbe
estimatedby measuringconcentrationsof speciesthat control the ratesof radical propagation
(Tonnesenand Dennis, 1998),and radical terminationcan be calculatedby using kinetics data
and measuring the concentrationsof species involved in termination reaction. Radical
terminationcanalsobeestimatedby measuringtheaccumulationofradicalterminationproducts.

Severaltechniquesexist to measurethe concentrationsof HO,. Tanneret al (1997)have
measuredOH using ion-assisted(IA) massspectrometry,with a lower limit of io5 molec/cm3for
a 5-minute integration.Matheret al (1997)havemeasuredOH and HO, using low pressurelaser
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inducedfluorescence(LIF), with an OH sensitivity = l06, and 1- or 5-minuteintegrationtime.
Total RO,+H0,hasbeenmeasuredby thechemicalamplifier technique(Cantrell et al, 1997).

We note that additional analytical methodsare neededto characterizeNO7 and HO,
budgets,butspecialchamberexperimentsarenot required.Rather,thebudgetanalysesshouldbe
performedon all chamberexperimentsif measurementsare available. Comparisonof HO,
budgetsin theaerosolexperiments(describedabove)with gas-phaseexperimentswill be useful
to investigatetheoriesthat aerosolscan play an importantrole in peroxy radical termination
(Cantrellet al, 1996;Jacob,1998).

ExperimentalEvaluationof Indicatorsof OzoneSensitivity to PrecursorEmissions

Modeling studieshave suggestedthat nearlyunique valuesof particularindicatorratios
are robustly associatedwith [03] and P(O,) ridgeline conditions (or conditions of equal
sensitivity to VOC andNO,) for a wide rangeof precursorlevels. For example,Siliman (1995)
found that valuesof certainindicators were constantas a function of 03 and precursorlevels,
while TonnesenandDennis(1998a,b)foundsmall variationsin the indicatorvaluedependingon
the03 andprecursorconcentrations.In a modelingstudyof theSanJoaquinValley, however,Lu
and Chang (1998) found that the valuesof the indicators differed from previous modeling
studies,and they suggestedthat the indicator valuesmay vary as a function of environmental
conditions.

Experimentsin an environmentalchamberwill be useful for assessingthe variability of
the indicator values as a function of environmentalconditions. Furthermore,Tonnesenand
Dennis (1998a) found that the utility of the indicators derived from chemical processes
associatedwith radical propagationefficiency.Thus, it is likely that chamberartifactsthat affect
radical initiation will not interfere with the experimentalinvestigationof indicator ratios, and
valuesmeasuredin chambercanbe comparedwith valuesdeterminedin modelingstudies.On
the other hand, if chamber artifacts significantly affect radical propagationand termination,
indicatorvaluesmeasuredin thechambermight not be directly comparablewith ambientvalues.

The approachto experimentallyvalidatethe usefulnessof indicatorsrequiresa seriesof
simulations with fixed VOC emissions(and all other inputs fixed) while NO, emissionsare
incrementallychanged.The ridgeline conditionsfor P(O,) or [03] would be identified as theNO,
emissionslevel which maximizedP(O) or [031. The full set of indicatorscould be evaluatedin
eachseriesof simulations,subjectonly to the requirementthat measurementsof eachof the
indicator speciesmust be collected. Although P(O,) cannot be measureddirectly, it can be
determinedby model simulationsof theexperimentalconditions, or it canbecalculateddirectly
using measurementsofNO, HO, andRO, if theseare available.Therobustnessand consistency
of the indicator method would then be evaluatedby determining the indicator values in
additional series of experimentswith different VOC, light, temperatureand humidity levels.
Finally, the aerosolsexperimentsdescribedabovecan alsobe utilized to determinethe effectsof
aerosolson indicatorvalues.
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Evaluationof AmbientMonitoring Equipment

As discussedabove,theproposedlargechamberfacility will providea uniquetestbedfor
evaluating mew monitoring equipment using well characterizedchemical systems which
neverthelessarerepresentativeof field conditions. The largevolume of the chamberwill permit
evaluationof equipmentwith largersampling requirementsthan are practical for usewith most
current indoor chambers.Most of this work would be carried out in collaboration with the
developersor intendedusersof this equipment.who in mostcaseswould be expectedto provide
funding for this effort. However, some of thesetests can be carried out in conjunctionwith
experimentsalreadybeingcarriedout for otherpurposes.

No specificprojectsof this typearedescribedin this proposalbedauseit is unknownwhat
will be the priorities for evaluation of monitoring equipmentat the time this chamber is
operational.Once the facility is operationaland its performanceis evaluated,the availability of
this facility for evaluationsof this type will be communicatedto relevantresearchersthrough
various means,includingNARSTO meetingsand workshops.For example,thefacility couldbe
utilized for this purpose as part of upcoming NARSTO field projects, with the research
coordinatedthroughNARSTO. This will be determinedoncetheproject is underway.

OtherStudies

The projectsdiscussedaboveareobviously not the only waysin which this facility canbe
utilized, and it is expectedthat other studieswill be carriedout dependingon regulatoryneeds,
interestsand capabilities of collaboratingresearchers,and input received from the advisory
committeeand the workshops.It is expectedthat the priorities of the programwill evolve as
needsevolve,and in responseto resultsof experimentscarriedout not only at this facility but at
otherlaboratories.

SCHEDULE AND DELIVERABLES

This project will be carried out over a four-yearperiod. The first six months will be
devotedto developingthe work plan, holding the initial workshop and forming the advisory
committee, evaluating the experienceand data obtained at other chamber facilities, and
evaluating chamber design options. Acquiring the analytical equipment and developing
analytical methodsand quality assuranceplanswill also beginduring this period,and continue
throughoutthefirst yearof the program.Chamberconstructionshouldbeginduring the second
six monthsof the program,and characterizationshouldbe completedduring the first half of the
secondyear. The schedulingand priorities for thesubsequentexperimentswill be determinedin
consultation with the advisory committee and the funding agencies,and will dependon
availability with collaborators,whereapplicable.

Annual reports will be submittedto the funding agenciesand the advisory committee
concerningthe work accomplishedon the project during the previousyear.Relevantscientific
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resultswill be submittedfor publicationin peer-reviewedjournals,andreportson policy-relevant
results will be producedasappropriate.A quality assuranceplan for measurementdatawill be
included as an appendixto the first annualreport,and subsequentreportsmay include revised
plans if major revisionsor additions are necessary.The dataobtainedin the chamberwill be
madeavailable to interestedresearchersat an FTP site on the Internetwithin one yearafter the
experimentsare carried out. The facility will not be usedfor confidential researchand funding
will not be acceptedwhich involves use of the facility to obtain datawhose publication or
distributionwill be restricted.

BUDGET

Theestimatedcostfor this programis approximately$3 million, with approximatelyhalf
of that being for designand constructionof the chamberand acquisitionof necessaryanalytical
equipment,andtheotherhalffor researchersandstaffsalariesandoperatingthechamberfor four
years.Thecostfor the initial workshopis includedin the estimateddesigncostwhile thecost of
theperiodic advisorycommitteemeetingsis coveredin theoperatingbudget.An itemizedbudget
is attached.
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